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SUMMARY 

The c u r r e n t   i n a b i l i t y  of e x i s t i n g  wind tunnels   to   p rovide   aerodynamic  test 
d a t a  a t  t ransonic   speeds  and  f l ight   Reynolds  numbers i s  an  area of g rea t   t ech -  
n i ca l   conce rn .  The proposed  Nat ional   Transonic   Faci l i ty  (NTF) i s  a h igh  
Reynolds number t ransonic   wind   tunnel   des igned   to  meet the  research  and deve- 
lopment  needs of NASA, DOD, i n d u s t r y ,   a n d   t h e   s c i e n t i f i c  community.  The  pro- 
p o s e d   f a c i l i t y  w i l l  employ the   c ryogenic   approach   to   ach ieve   h igh   t ransonic  
Reynolds  numbers a t  accep tab le  model loads  and  tunnel  power. By using  tempera- 
t u r e  as a tes t  v a r i a b l e ,   t h e r e  is provided a u n i q u e   c a p a b i l i t y   t o   s e p a r a t e  
scale e f f e c t s   f r o m  model a e r o e l a s t i c   e f f e c t s .  The performance  envelope of NTF 
is  shown to. provide a ten- fo ld   increase   in   t rans-onic   Reynolds  number capa- 
b i l i t y  (R=500x1O6/meter a t  M=l i n  a 2.5 meter test s e c t i o n )  compared t o  
c u r r e n t l y   a v a i l a b l e   f a c i l i t i e s .  

SYMBOLS 

Values are g i v e n   i n   b o t h  S I  and U. S. Customary U n i t s   ( l a t t e r   i n   p a r e n t h e s e s ) ,  

A Cross-sec t iona l  area 
- 
C Wing  mean chord 

OF Degrees   Farenhei t  

hP Horsepower 

K Kelvin 

kW Kilowatt  

II Length 

M Mach number 

P P r e s   s u r e  
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4 D y n a m i c  p re s su re ,   1 /2  pV2 

R Reynolds number = e 
lJ 

T Temperature 

V Ve loc i ty  

P Densi ty  

lJ v i s c o s i t y  

Nota t ions   and   Subscr ip ts :  

b a r  lo5  Newtons/m2 (0.987 atmospheres) 

L Local  

PSf Pounds pe r   squa re   foo t  

p s i a  Pounds pe r   squa re   i nch   abso lu t e  

t T o t a l  

TS Test s e c t i o n  

m .  Free stream 

INTRODUCTION 

The h i s to r i ca l   ae ronau t i ca l   l eade r sh ip   o f   t he   Un i t ed  States i n   t h e   d e v e l -  
opment of  high-speed a i r c r a f t  - commercial as w e l l  as m i l i t a r y  - has  been  large- 
l y  due t o   t h e   e x c e l l e n t   f a c i l i t i e s  used in   t he   conduc t   o f   ae ronau t i ca l   r e sea rch  
and  development. I n   s p i t e   o f   t h i s   h a l l m a r k ,   d u r i n g   t h e  las t  t en   yea r s  i t  has 
become c l e a r l y   a p p a r e n t   t h a t   b e t t e r   f a c i l i t i e s  are needed   to   s imula te   the  com- 
plex  aerodynamic phenomena occurr ing  a t  speeds  near  the  speed  of  sound.  This 
urgent   need   for  a new r e s e a r c h  and  development f a c i l i t y   h a s  been  recognized a t  
a l l  l e v e l s  of NASA and DOD, by the  U. S. aerospace  industry,   and by the   sc ien-  
t i f i c  community. The sense  of  urgency  has  been  increased by the   cu r ren t   na t ion -  
a l  t h r u s t  toward  energy  conservat ive  a i rcraf t   and  the  importance  of   maintaining 
m i l i t a r y   p r e p a r e d n e s s   i n  a world  of  turmoil .  

HIGH REYNOLDS NUMBER FACILITY NEED 

Transonic  f lows are found t o  embrace   a lmost   every .   aspec t   o f   f l igh t  - f o r  
a i r c r a f t   ( f i g .  1) as w e l l  as space   veh ic l e s .  The performance  of  the  slowest  of 
a i r c r a f t  - t h e   h e l i c o p t e r  - is  cons t ra ined  by r o t o r   " c o m p r e s s i b i l i t y   e f f e c t s "  
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on  e f f ic iency   and   no ise ,  while commercial   t ransports   cruise  a t  the  "drag-rise" 
Mach number where  shock waves f i r s t  form  on  the  wing. Modern m i l i t a r y   a i r c r a f t  
f i g h t  a t  a l c i t u d e  and p e n e t r a t e  on-the-deck a t  t ransonic   speeds .  The super- 
son ic   t r anspor t   expe r i ences  i ts  minimum th rus t   marg in   fo r   acce l e ra t ion   nea r  
Mach 1. For   space   vehic les ,   the  maximum dynamic pressure   and   buf fe t ing   occur  
dur ing   acce lera t ion   th rough  the   t ransonic   speed   reg ime,   whi le  c r i t i c a l  t ran-  
s o n i c   s t a b i l i t y  and  control  problems are encountered  during  reentry.  

The area o f   g rea t   t echn ica l   conce rn  is t h e   i n a b i l i t y  of e x i s t i n g  wind  tun- 
ne l s   t o   p rov ide   accu ra t e   des ign   i n fo rma t ion   fo r  c i v i l  a n d   m i l i t a r y   a i r c r a f t  
which  must  operate i n   t h e   t r a n s o n i c   f l i g h t   r e g i m e   n e a r   t h e   s p e e d  of  sound. The 
major   t ransonic  test deficiency  has  been  Reynolds number s imulat ion  of   ful l -  
scale f l igh t .   This   def ic iency   has   been   dramat ized   dur ing   the   pas t   decade  by 
'miexpected  problems i n   f l i g h t  which  have  of ten  required  expensive  redesign.  

The wing i s  t h e  most c r i t i c a l  element. An apprec ia t ion   o f   t he  complex 
na ture   o f   t ransonic   f lows   can   be   ga ined   f rom  f igure  2 where  low  Reynolds number 
f l o w   o v e r   a n   a i r f o i l  is made v i s i b l e  by s p e c i a l  methods  (Schlieren  system). 
Flow is from l e f t   t o   r i g h t .  The subsonic   f low  ahead   of   the   a i r fo i l  accelerates 
to   supersonic   speeds   over   the   upper   sur face .  A t  the   base   o f   the   shock ,   the  
thin'lboundary  layer" of a i r  ad jacent   to   the   sur face   th ickens   and   separa tes   f rom 
t h e   a i r f o i l   c r e a t i n g  a broad wake  of f luc tua t ing   f low.   These   f low  charac te r i s -  
t i c s   r e s u l t ,   i n   c h a n g e s   i n   l i f t  and p i t c h i n g  moment, and  increased  drag  and 
b u f f e t i n g  compared to   the  high  Reynolds  number f l o w s   c h a r a c t e r i s t i c   o f   f l i g h t .  

The shock wave p a t t e r n   i n   t h e  main f i e l d  of  flow is governed  by  the test 
Mach number - def ined  as t h e   r a t i o   o f   f r e e - s t r e a m   v e l o c i t y   t o   t h e   s p e e d  of 
sound. The boundary-layer  f low  adjacent  to  the  surface,   however,  is governed 
by a d i f f e ren t   pa rame te r  - "Reynolds  number." I f   o n e  tests a model a t  " f u l l -  
scale" Reynolds  number, t h e  boundary   l aye r   cha rac t e r i s t i c s  w i l l  be similar, 
and   t he   sk in - f r i c t ion   d rag  w i l l  b e   t h e  same as i n   f l i g h t .   T h e r e  are many wind 
t u n n e l s   i n   u s e   t h a t   c a n  test  models a t  f l i g h t  Mach numbers,  however, t h e r e  are 
none  which  can  provide  the  transonic  Reynolds number s imula t ion   of   fu l l - sca le  
f l i g h t .   I n   f a c t ,   t h e   c a p a b i l i t y   o f   p r e s e n t   a i r c r a f t   t o   f l y   n e a r   t h e   s p e e d   o f  
sound a t  low a l t i t u d e s  a n d   t h e   i n c r e a s e d   s i z e   o f   t r a n s p o r t   a i r c r a f t  are such 
t h a t   t h e   b e s t   t r a n s o n i c  test f a c i l i t i e s   o n l y   p r o v i d e   a b o u t   o n e - t e n t h  of t h e  re- 
quired  Reynolds number. The complex n a t u r e  of t h e   f l o w   i n   t h e   t r a n s o n i c   r e g i o n  
makes i t  imposs ib l e   t o   ana lyze   t he   pe r fo rmance   o r   t o   ex t r apo la t e   accu ra t e ly  
from scale model tests obtained  with  current  Reynolds number c a p a b i l i t y .  

The transonic  Reynolds number  phenomenon of  concern w a s  f i r s t  evidenced i n  
f l i g h t  tests of t h e  USAF C-141 c a r g o   a i r c r a f t   a b o u t  a decade  ago  ( f ig .  3 ) .  
Correlat ion  of   the  wing  pressure  coeff ic ient   measurements   between wind tunne l  
and f l i g h t  a t  high  subsonic   speeds  demonstrated a s i g n i f i c a n t   d i f f e r e n c e  i n  t h e  
chordwise  locat ion  of   the  wing  shock.   Subsequent   research a t  Langley  ( ref .  1) 
showed t h e s e   r e s u l t s   t o   b e  a Reynolds number  phenomenon a s s o c i a t e d   w i t h   t h e  
small scale of the  wind-tunnel tests. A t  low test Reynolds  numbers, the  shock 
p o s i t i o n  is forward on t h e   a i r f o i l   w i t h  a r e s u l t a n t   i n c r e a s e   i n   t h e   s e p a r a t e d  
reg ion   behind   the   shock   and   a t tendant  increase i n  drag. As t h e  test Reynolds 
number is increased,  however,   the  shock wave moves rearward   and   the   reg ion   of  
separa ted   f low  and   a t tendant   d rag  is reduced .   Mod i f i ca t ions   t o   t he  C-141 were 
r e q u i r e d   t o  accommodate t h e  a i r  l o a d s   a s s o c i a t e d   w i t h   f l i g h t   c o n d i t i o n s ,   a n d   t o  
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t h i s  day a l l  C-141 aircraft  carry  approximately a one-percent  payload  penalty 
i n  added s t r u c t u r a l   w e i g h t   f o r   t h e   f i x .  

As t r a n s o n i c   a i r c r a f t   c o n t i n u e   t o  grow i n   s i z e ,   t h e y   p l a c e   e v e n   g r e a t e r  
demands on   t he  wind tunnel .  The  problems tha t   have   been   ev idenced   in   today ' s  
transport   development  programs w i l l  become even more c r i t i ca l  as t h e  gap be- 
tween  wind tunnel   and   f l igh t   Reynolds  number continues  . to  widen as shown i n  
f i g u r e  4. Current   wind  tunnels   provide  ful l -scale  test c a p a b i l i t y   f o r  "DC-3" 
t y p e   a i r c r a f t   o n l y .  A s  the   speed   and   s ize   o f  aircraft  have  increased,   current-  
l y   a v a i l a b l e   f a c i l i t i e s   p r o v i d e   o n l y   a b o u t   o n e - t e n t h   f u l l - s c a l e   c r u i s e   c o n d i -  
t i o n s   f o r   p r o j e c t e d   a i r c r a f t .  

The l a c k  of  high  Reynolds number e x p e r i m e n t a l   f a c i l i t i e s   h a s   g r e a t l y  slow- 
ed   the   p rogress   o f   bas ic   t ransonic   research .   S ince   bas ic   research  is t h e  
corners tone  upon which  future   advances are founded, a c r i t i c a l  f a c i l i t y   l a c k  
can   s e r ious ly   j eopa rd ize   ae ronau t i ca l   p rog res s .  The f u t u r e  of ae ronau t i c s  w i l l  
be  based  on  the  knowledge of t h e   r e s e a r c h e r   a n d   t h e   q u a l i t y  of h i s   f a c i l i t i e s .  
Progress  may come one small s t e p  a t  a t i m e .  But a one-percent  improvement i n  
t e n   d i f f e r e n t  areas r e s u l t s   i n  a 10-percent  gain - which is s i g n i f i c a n t  by  any 
s tandard .  And o c c a s i o n a l l y   t h e s e   s t e p   a d v a n c e s   i n   t h e   h a n d s  of an   en l igh tened  
s c i e n t i s t  w i l l  c o a l e s c e   i n t o  a technica l   b reakthrough  which   can   revolu t ion ize  
t h e   w h o l e   f i e l d   o f   a e r o n a u t i c s .  The "area-rule"   concept   for   the  design  of  
t r a n s o n i c / s u p e r s o n i c   a i r c r a f t   a n d   t h e   " s u p e r c r i t i c a l   a i r f o i l "   d e v e l o p e d   w i t h i n  
t h e  U. S. merit such a c l a s s i f i c a t i o n .  It is  toward future   advances  such as 
t h e s e   t h a t  a new high  Reynolds number t r a n s o n i c   f a c i l i t y  is aimed. 

EVOLUTION OF THE NATIONAL TRANSONIC  FACILITY 

During  the  past   several   years ,   there   has   emerged a clear na t iona l   and  
in te rna t iona l   consensus   o f   the   p r ior i ty   need   for  a la rge ,   h igh   Reynolds  number 
t r anson ic  wind tunne l   ( r e f .  2-4 ) .  It was r ecogn ized   ea r ly   t ha t   because  of t he  
p r o j e c t e d   v e r y   l a r g e   c o n s t r u c t i o n   c o s t s ,   t h i s  must n e c e s s a r i l y  become a govern- 
ment s p o n s o r e d   f a c i l i t y .  Many approaches t o  high  Reynolds number have  been ex- 
p lo red   and   deve loped   bo th   i n   t he   Un i t ed   S t a t e s   and   i n   Europe   ( r e f .  5 ) .  A chro-. 
nology  of act ivi t ies  i n   t h e   f i e l d   o f  development  of  high  Reynolds number 
g r o u n d - t e s t   f a c i l i t i e s   i n   t h e   U n i t e d  States is p r e s e n t e d   i n   f i g u r e  5. 

An important   inf luence on t h e   f a c i l i t y  development  program was t h e   s i g n i f i -  
cant  technology  advance i n  a wind-tunnel  concept  employing  cryogenic  nitrogen 
to  provide  increased  Reynolds  numbers  with  modest  drive  horsepower  and  reduced 
model l o a d s   ( r e f .  6 and  7). The poten t ia l   o f   low  tempera ture   opera t ion   to  
achieve  high  Reynolds  numbers  had  been  considered  previously  by  Smelt  of  the 
Royal   Ai rcraf t   Es tab l i shment   in   1945  ( re f .  8 ) ,  bu t   the   concept  w a s  not  pur- 
s u e d   u n t i l   a n   e f f o r t  w a s  i n i t i a t e d  a t  the  Langley  Research  Center   in   1971.  

From the   Lang ley   expe r imen ta l   e f fo r t s ,   de t a i l s  were worked o u t   f o r  a high 
Reynolds number t r anson ic   t unne l   u s ing   ex t r eme ly   co ld   n i t rogen   t o   coo l   t he   f l ow 
and  provide  increased  Reynolds  numbers  with  reasonable  drive power requirements  
and model loads.   Figure 6 i l l u s t r a t e s   t h e   e f f e c t s  of  decreasing  tunnel  tempera- 
t u r e  on   the   tunnel  test condi t ions .  It w i l l  be   no ted   t ha t  as the   t empera ture  
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is decreased  from a nominal  value  of 322 K (120OF) c h a r a c t e r i s t i c   o f  conven- 
t ional   water-cooled  tunnels ,   the   Reynolds  number of   the  f low  increases   approxi-  
mately  f ive-fold as the  temperature   approaches 89 K (-300°F). F u r t h e r ,   t h i s  is  
accomplished  with  approximately a 50 -pe rcen t   r educ t ion   i n   d r ive  power. Th i s  
r e p r e s e n t s  a t e n - f o l d   d e c r e a s e   i n   i n s t a l l e d   d r i v e  power  compared t o  a conven- 
t i o n a l  wind tunnel  (322'K;  120°F)  of  the same s i z e   o p e r a t i n g  a t  t h e  same Mach 
number and   pressur ized   to   p rovide   the  same test Reynolds number. This major 
r e d u c t i o n   i n   i n s t a l l e d   d r i v e  power requirements  makes poss ib l e   t he   l oca t ion   o f  
a continuous  flow,  high  Reynolds number t r anson ic   t unne l  a t  an   ex i s t ing  re- 
search  center   having  modest  power resources .  

A l s o   n o t e d   i n   f i g u r e  6 is t h e   f a c t   t h a t   t h e   i n c r e a s e   i n  Reynolds number 
through a r e d u c t i o n   i n  test  temperature  is accompl i shed   w i thou t   an   i nc rease   i n  
dynamic pressure  which  inf luences  model   loads.   This  is a s i g n i f i c a n c b e n e f i t  
of   cryogenic   operat ion,   for   the  range  of   high  Reynolds  number t e s t i n g   c a n   b e  
g rea t ly   expanded   be fo re   encoun te r ing   l imi t ing   s t ruc tu ra l   l oads  on t h e  model o r  
excessive model d i s t o r t i o n .  The c ryogenic   tunnel   concept   p rovides   the   un ique  
experimental   capabi l i ty   of   changing test Reynolds number wi thou t   an   a t t endan t  
change i n  model  loads  (and  therefore  model  shape).  This i s  considered by many 
experimenters  as a t echn ica l   b reak th rough   i n  i t s  own r i g h t .  

Langley   acce lera ted  its cryogenic   tunnel   e f for t   and   ex tended   the   theore t i -  
cal  s t u d i e s   o f  "real gas"   effects ,   developed a p r a c t i c a l  means f o r   o b t a i n i n g  
low temperatures,   and  constructed  and  operated two p i lp t   c ryogen ic   t unne l s .  
The p i l o t   f a c i l i t i e s   i n  a series of c r i t i ca l  exper iments   va l ida ted   the   c ryo-  
genic   concept   for   aerodynamic   t es t ing ,   demonst ra ted   the   a t ta inment  of uniform 
t e m p e r a t u r e s   i n   t h e   s e t t l i n g  chamber,   and  provided  useful  experience relative 
to   t he   ope ra t ing   p rob lems  of l i qu id   n i t rogen   i n j ec t ion ,   r e sea rch   i n s t rumen ta -  . 

t i on ,   and   c ryogen ic   she l l   des ign   ( r e f .  9 t o   1 1 ) .  

NASA and USAF b o t h   d e v e l o p e d   f i r m   p l a n s   f o r   t r a n s o n i c   f a c i l i t i e s   d u r i n g  
1973  and  1974. The A i r  Force  had  obtained  Congressional   approval   in   the FY 75 
budge t   fo r   an   i n t e rmi t t en t   ope ra t ion  High  Reynolds Number Tunnel  (HIRT),  and 
NASA had  planned  for a fan-driven  cryogenic   t ransonic   research  tunnel  (TRT) t o  
be   inc luded   in   the  N 76 budget.  Both  the NASA and USAF t u n n e l   p r o j e c t s  en- 
coun te red   t he   ab rup t   e sca l a t ion  of cons t ruc t ion   cos t s   i n   1974 ,   caus ing   t he  USAF 
t o   de fe r   cons t ruc ' t i on  of HIRT and NASA t o   w i t h h o l d  TRT from i ts  N 76 budget 
reques t .  DOD and NASA o f f i c i a l s   t h e n   a g r e e d   t o   u n d e r t a k e   a n   a d d i t i o n a l   j o i n t  
s tudy  under   cognizance  of   the  Aeronaut ics   and  Astronaut ics   Coordinat ing Board 
(AACB) t o   s e e k  a common so lu t ion   to   t ransonic   wind- tunnel   needs .   Accord ingly ,  
a s p e c i a l  AACB Aeronau t i ca l   Fac i l i t i e s   Subpane l  of NASAIDOD r e p r e s e n t a t i v e s  w a s  
o r g a n i z e d   i n  November of  1974 t o   i n i t i a t e   t h i s   s t u d y .  

The Subpanel i n  May of  1975 recommended t h a t  a s ingle ,   cont inuous-f low 
f a c i l i t y  employing the   c ryogenic   concept   should   be   bu i l t  a t  t h e  earliest  possi-  
b l e   d a t e   t o  serve t h e  combined needs  of   both NASA and DOD ( r e f .   1 2 ) .  Recommen- 
d a t i o n s   f o r  NTF pe r fo rmance   cha rac t e r i s t i c s  were agreed upon ( f ig .   7 ) .  .The 
Subpanel   fur ther  recommended t h a t   t h e   f a c i l i t y   b e   l o c a t e d  a t  t h e  NASA Langley 
Research  Center   and  be known as the   Na t iona l   T ranson ic   Fac i l i t y  (NTF). A 
memorandum of agreement  accepting  the AACB Subpanel  recommendations w a s  s igned  
by NASA and DOD (June  2,  1975). It w a s  emphasized i n   t h e   S u b p a n e l   r e p o r t   t h a t  
t h e  NTF w a s  t o   b e  a n a t i o n a l   f a c i l i t y   w i t h   a p p r o x i m a t e l y  40 percent   o f   the  
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occupancy  projected  for  DOD work, 40 p e r c e n t   f o r  NASA, 15 pe rcen t   fo r   p ro -  
p r i e t a ry   ae rospace   i ndus t ry  work,  and 5 p e r c e n t   f o r   o t h e r  government  agencies 
a n d   t h e   s c i e n t i f i c  community.  The Aeronaut ics   Pane l   o f   the  AACB would be 
cha rged   w i th   ove r s igh t   r e spons ib i l i t y .  

The basic   performance characteristics of t h e  NTF f o l l o w   t h e   s p e c i f i c  re- 
commendations  of  the AACB Aeronau t i ca l   Fac i l i t i e s   Subpane l  as summarized 
p r e v i o u s l y   i n   f i g u r e  7. 

DESCRIPTION  OF THE NATIONAL TRANSONIC  FACILITY 

General  Arrangement 

The Na t iona l   T ranson ic   Fac i l i t y  w i l l  be a convent iona l  wind t u n n e l   i n  
appearance   ( f ig .  8 )  and is d e s c r i b e d   i n   d e t a i l   i n   r e f e r e n c e   1 3 .  The NTF w i l l  
be  a c losed-c i rcu i t ,   fan-dr iven   pressure   tunnel   capable   o f   opera t ing  a t  pres-  
s u r e s  up t o  9 b a r s  (130 p s i a ) .  It w i l l  have a s l o t t e d  test  sect ion  of   2 .5   by 
2.5 meters i n   c r o s s   s e c t i o n .  The exis t ing  &Foot   Supersonic   Pressure  Tunnel  
(4' SPT) d r ive   mo to r s   and   t he i r   d r ive   con t ro l   sys t em w i l l  b e   u t i l i z e d .  The 4 '  
SPT w i l l  be   deac t iva t ed   and   t he  NTF cons t ruc ted  on i ts  si te.  I n   a d d i t i o n   t o  
the   ex i s t ing   d r ive   mo to r s   wh ich  are r a t e d  a t  52,220 kW (70,000  hp)   for   10 
minutes ,   an  addi t ional   44,760 kW (60,000  hp)  motor w i l l  be  added i n   l i n e   t o  
provide   the  power r e q u i r e d   t o   d r i v e   t h e   t u n n e l  a t  maximum pressure  and a test  
Mach number of  1.0. 

The  most unconvent iona l   fea ture   o f   the  NTF w i l l  be  a t  i t s  cryogenic  opera- 
t i o n .  The tunne l  w i l l  o p e r a t e  a t  temperatures  from 353 K (175'F) down t o  89 K 
(-300'F). L iquid   n i t rogen  w i l l  b e   e x p a n d e d   i n t o   t h e   c i r c u i t   f o r   t h e   i n i t i a l  
coo l  down and t o   a b s o r b   t h e   h e a t  rise associated  with  the  gas   compression by 
the   f an .   P re s su re   con t ro l  w i l l  be   p rovided   th rough  the   cont ro l led   vent ing   of  
the  gaseous  ni t rogen  through a l a r g e   v e n t   s t a c k   t o   a s s u r e   m i x i n g   w i t h  a i r  and 
e l imina te   any   hazards   which   might   resu l t   i f   co ld   gaseous   n i t rogen  were allowed 
to   accumula te  a t  ground  level .  The cu r ren t   base l ine   des ign  of the   tunnel   in -  
corpora tes   an   in te rna l   insu la t ion   sys tem  which  w i l l  be   d i scussed  i n  more d e t a i l  
subsequent ly  . 

Aerodynamic C i r c u i t  

A s  ment ioned   prev ious ly ,   the  NTF w i l l  have a s l o t t e d  test s e c t i o n  2.5 
meters (8.2 f t . )   s q u a r e   ( f i g .   9 ) .  To assure   h igh-qual i ty   f low,  a c o n t r a c t i o n  
f r o m   t h e   s t i l l i n g  chamber t o   t h e  test s e c t i o n  of 1 5   t o  1 i n  area is  employed. 
Three   an t i - turbulence   sc reens  are loca ted  a t  the   beginning   of   the   cont rac t ion .  
A "quick"  diffuser  accommodates the   l a rge   channe l  area i n c r e a s e   t o   t h e   s t i l l i n g  
chamber  and sc reens .   Th i s   d i f fuse r   r equ i r e s  a f l o w   r e s i s t a n c e   w i t h  accompany- 
i n g   p r e s s u r e   l o s s   t o   a s s u r e   t h e   a b s e n c e   o f   f l o w   s e p a r a t i o n .   T h i s   l o s s  w a s  
accepted as a t rade-of f   aga ins t  a l a r g e   i n c r e a s e   i n   c o s t   o f   t h e   p r e s s u r e   s h e l l  
f o r  a more e f f i c i e n t   d i f f u s e r .  

1588 



I 

T e s t  Sec t ion  

The test  s e c t i o n   f o r   t h e  NTF ( f i g .  10)  is designed similar t o   t h a t   o f   t h e  
ex is t ing   Langley  8-F0o.t Transonic  Pressure  Tunnel  which i s  known t o   b e   e f f i -  
c i e n t  and  have good qua l i ty   f l ow.  The l e n g t h  of t h e   s l o t t e d   r e g i o n  is t h r e e  
t e s t - s e c t i o n   h e i g h t s .  The t o p  and  bottom walls, which are a d j u s t a b l e   i n   d i v e r -  
gence  angle  to  compensate  for  boundary-layer  growth,  have s ix  l o n g i t u d i n a l  
s l o t s   i n   e a c h  w a l l .  The s i d e  walls are f i x e d   w i t h  two l o n g i t u d i n a l   s l o t s   i n  
each w a l l .  The design w i l l  a l l o w   t h e   s l o t  open  width  and  edge  shape t o   b e  
eas i ly   modi f ied .   Adjus tab le   and   remote ly   cont ro l led   reent ry   f laps  are provided 
a t  t h e  downstream  end  of  each s l o t .  The p o s i t i o n   o f   t h e s e   f l a p s   d u r i n g   t u n n e l  
ope ra t ion  w i l l  b e   a d j u s t e d   t o   c o n t r o l  Mach number g rad ien t s   t h rough   t he  test  
sect ion  and  to   minimize power consumption. 

Complete  models w i l l  be   s t i ng   suppor t ed   f rom a c i r c u l a r  arc s t r u t   a f f o r d -  
i n g  a t o t a l  model p i t c h   a n g l e   r a n g e  of 24".  The s t i n g  w i l l  have a r o l l  mech- 
anism  capable of r o l l i n g   t h e  model through 270". Model p i t c h  rate is  cont ro l -  
l a b l e   i n   e i t h e r  a cont inuous   o r   p i tch /pause  mode a t  rates from 0" t o  4' per  
second.  Provisions  for  accommodating  wall-mounted  half-span  models w i l l  be 
made f o r  cases where l a r g e r  model s i z e s  are requi red .  

T e s t  Sec t ion   I so la t ion   Sys tem 

Although  the  cryogenic  approach  using LN2 has  been shown t o   r e q u i r e   t h e  
least capi ta l   inves tment   and   to   be   the  most   energy  conservat ive  approach  to  
high  Reynolds number t e s t i n g ,   t h e  cost p e r  da ta   po in t   for   h igh   Reynolds  number 
tests w i l l  be   cons iderably   h igher   than   for   cur ren t  low  Reynolds number da t a .  
Consequent ly ,   every   s tep   poss ib le  is be ing   taken   to   conserve   n i t rogen ,   which  is 
t h e   l a r g e s t   s i n g l e   c o n t r i b u t o r   t o   o p e r a t i n g   c o s t s .  One of t h e   p r o v i s i o n s  made 
to   conse rve   n i t rogen  i s  t e s t - s e c t i o n   i s o l a t i o n   d o o r s   ( f i g .  11) which w i l l  b e  
capable  of i s o l a t i n g   t h e  test sec t ion   such   t ha t   t he   p re s su re   can   be   r educed   t o  
a tmosphe r i c   w i thou t   ven t ing   t he   en t i r e   c i r cu i t .  The t e s t - s e c t i o n   s i d e  walls 
can  be  lowered t o  irlsert work access   t unne l s  from  both  sides  which  capture  the 
test model  and seal around  the model s t i n g   t o   p r o v i d e  a "shir t -s leeve"  environ-  
ment f o r  model  change. 

Drive System 

The c ryogen ic   concep t   r equ i r e s   t ha t   t he   d r ive   sys t em  be   capab le  of  produc- 
i n g  a cons tan t   compress ion   ra t io   over  a la rge   t empera ture   range .   This   requi re -  
ment has  a major   impact   on   the   des ign   of   the   d r ive   sys tem  in  view o f   t h e   d i r e c t  
re la t ionship  between  fan  performance  and  the  s tagnat ion  temperature   of   the   gas  
e n t e r i n g   t h e   f a n .  The des i r ed   pe r fo rmance   i n   t he  NTF is  obtained  by  using a 
s i n g l e - s t a g e   f a n   w % t h   v a r i a b l e   i n l e t   g u i d e   v a n e s   a n d   f i x e d   o u t l e t   s t a t o r s   i n  
combination  with a main d r ive   sys t em  inco rpora t ing  a two-speed gear  box. 

The electric m o t o r s   i n   t h e   d r i v e  are coupled  through  the  gear   box  in  a 
unique  arrangement.  The  two  existing  motors are wound ro to r   i nduc t ion   mo to r s  
and  have a Kramer d r i v e   c o n t r o l   s y s t e m   w h i c h   a c c u r a t e l y   c o n t r o l s   t h e i r  rpm t o  
within  1/4%.  These  motors are capable   of  52,220 kW (70,000 hp)   for   10   minutes  
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a t  840 rpm ( f i g .   1 2 ) .  A reduct ion   gear   reduces   the  maximum f a n   s p e e d   t o  600 
rpm. To maximize the   ho r sepower   ava i l ab le ,   l i qu id   rheos t a t s  are added t o  pro- 
v ide   cons tan t   to rque  a t  rpm va lues  down t o  60% o f   t h e  maximum speed. A low- 
speed  gear is ava i l ab le   wh ich  w i l l  permit a s h i f t   i n  rpm a n d   a l l o w   f u l l  Kramer 
hor sepower   a l so   t o   be   ava i l ab le  a t  360 rpm. Th i s  rpm w i l l  be   u sed   l a rge ly   fo r  
the   c ryogenic   opera t ion   and   the  maximum pressure  which are combined to   p roduce  
t h e  maximum Reynolds  number. The horsepower   requi red   to   d r ive   the   tunnel  a t  
M = l . O  f o r   t h e  maximum Reynolds number cond i t ion  is more than  is ava i lab le   f rom 
the   ex i s t ing   mo to r s ,   t he re fo re   an   i n - l i ne   44 ,760  kW (60,000  hp)  synchronous 
motor  has  been  added t o  meet t h i s   n e e d .  The ex i s t ing   mo to r s  w i l l  be  used t o  
bring  the  synchronous  motor up to   speed .  A maximum f a n   s h a f t  power of  93,250 
kW (125,000  hp) is a v a i l a b l e  a t  a fan  speed of 360 rpm. Under t h i s   c o n d i t i o n ,  
Mach number c o n t r o l  i s  achieved by  moving t h e   p o s i t i o n   o f   t h e   i n l e t   g u i d e  vanes. 
The guide  vanes are capable   o f   cont ro l l ing  Mach numbers  over a range  between 
M=0.4 and M=1.2 wi th   an   accep tab le  level o f   e f f i c i ency .  

I n t e r n a l   I n s u l a t i o n  

The NTF w i l l  employ i n  i t s  d e s i g n   a n   i n t e r n a l   i n s u l a t i o n   t o   m i n i m i z e   t h e  
tempera ture   excurs ions   o f   the   l a rge   p ressure   she l l .   In   do ing  so,  i t  (1)   great-  
l y   r educes   t he   l i qu id   n i t rogen   r equ i r ed   t o   app roach   s t eady- s t a t e   ope ra t ing  con- 
d i t i ons ,   (2 )  i t  minimizes   the  thermal  stress i n   t h e   p r e s s u r e   s h e l l ,   t h e r e b y  
a l l ev ia t ing   t he rma l   f a t igue   and   enhanc ing   t he  service l i f e  of t he   p re s su re  
she l l ,   and   (3 )  i t  a f f o r d s   t h e   o p p o r t u n i t y   t o  combine  thermal  insulation  and 
a c o u s t i c   a t t e n u a t i o n   f u n c t i o n s   i n t o  a system  which  could  reduce  the  noise   in  
t h e   t u n n e l   c i r c u i t .  The base l ine   des ign  of t he   i n su la t ion   sys t em  ( f ig .   13 )  em- 
ploys  about  6 i nches   o f   f i be rous   i n su la t ion   con ta ined   w i th  close-woven g l a s s  
c l o t h  and  covered  with a cor ruga ted   f low  l iner   which  is supported by "tee" 
r ings   we lded   t o   t he   , p re s su re   she l l   and   i n su la t ed   f rom  the   l i ne r .  The "tee" 
r i n g s  are about 1.22m ( 4   f t . )   a p a r t .  The l i n e r  is co r ruga ted   t o   abso rb   t he  
c i r c u m f e r e n t i a l   t h e r m a l   s t r a i n .   S l i p   j o i n t s  are p rov ided   fo r   t he   l ong i tud ina l  
movement. F i l l e r   b l o c k s  are used  under   the  corrugat ion  to   block  f low  f rom  one 
i n s u l a t i o n  segment to   t he   nex t .   Cons ide ra t ions  of i n s u l a t i o n   f l a m a b i l i t y ,  
se rv ice   l i fe ,   and   thermal   per formance   under  a high  pressure  and  f lowing  cryo- 
genic  environment are t h e   s u b j e c t  of a n   e x t e n s i v e   v e r i f i c a t i o n  test  program. 

NTF  PERFORMANCE 

Reynolds Number Test Capab i l i t y  

With the   d r ive   sys t em  desc r ibed   p rev ious ly ,   t he  NTF performance a t  a sel- 
ec t ed  Mach number can  be  presented as shown i n   f i g u r e  14. The ope ra t ing  map 
f o r  Mach 1 shows the  var ia t ion  of   chord  Reynolds  number as a funct ion  of   s tagna-  
t i on   p re s su re   fo r   va r ious   va lues   o f   cons t an t   t empera tu re .   S imi l a r   p lo t s   can   be  
made f o r   o t h e r  Mach numbers. The boundaries   of   the   operat ing  envelope are de- 
f i n e d   o n   t h e   l e f t  by t h e  maximum tunnel   opera t ing   tempera ture  (353°K; 175°F) 
and  the  compression  ra t io  limit of the   fan-dr ive   sys tem;   on   the   upper   l e f t   cor -  
n e r  by t h e   a v a i l a b l e   d r i v e  power limit (93,250 kW; 125,000  hp);   across  the  top 
by the  maximum opera t ing   pressure   (9   bar ;  130 ps i a ) ;   and  on t h e   r i g h t  by the  
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nitrogen  condensation  boundary  (heavy  dashed  l ine).  The la t ter  boundary  repre- 
s e n t s  a l i m i t i n g   v a l u e  of pressure  and  temperature  where  condensation  of  gas- 
eous   n i t rogen  w i l l  occur  a t  a l o c a l  Mach number of 1.4.   Within  the  lower  dark 
shaded   reg ion ,   the  NTF can   be   opera ted   wi th   the   var iab le-speed   induct ion   motors  
on ly   in   the   h igh   gear   ra t io .   For   p ressures   above   the   shaded   reg ion ,   the   low 
g e a r   r a t i o  is requ i r ed   and   t he   d r ive  is operated a t  synchronous  speed (360  rpm). 

I n s p e c t i o n   o f   f i g u r e   1 4   i l l u s t r a t e s   t h e   u n i q u e  test c a p a b i l i t y  of a cryo- 
genic   tunnel .  The dynamic p res su re  (1/2pV2) is independent  of  temperature  and 
is a func t ion   on ly   o f   s tagnat ion   pressure   and  Mach number.  Thus f o r  a given 
test Mach number, t h e  dynamic pressure  can  be  held  constant  while  the  tempera- 
t u r e  is v a r i e d   t o   p r o v i d e  a con t ro l l ed   va r i a t ion   i n   Reyno lds  number.  Such a 
test capab i l i t y   pe rmi t s   i so l a t ion   o f   pu re   Reyno lds  number e f f ec t s   f rom  ae ro -  
dynamic loading  changes  which arise from  unwanted  model d i s t o r t i o n   u n d e r  chang- 
i n g  dynamic pressure .   Convent iona l   wind   tunnels ,   which   tend   to   opera te  a t  
essent ia l ly   Cons tan t   t empera ture ,   fo l low  a long  a s i n g l e   t e m p e r a t u r e   l i n e  
r equ i r ing  a change i n   p r e s s u r e   t o   p r o d u c e  a change i n  Reynolds number.. This  
un ique   capabi l i ty   o f   c ryogenic   tunnels   opens  a new dimension i n  wind-tunnel 
t e s t i n g  and may w e l l  become t h e   s i n g l e  most   impor tan t   capabi l i ty   o f   th i s   fac i l -  
i t y   concep t .  It shou ld   a l so   be   no ted   t ha t   pu re  model a e r o e l a s t i c   e f f e c t s   c a n  
be  evaluated by holding  Reynolds number cons tan t   whi le   the   p ressure  is v a r i e d  
(moving v e r t i c a l l y  o n   t h e   p l o t ) .  

Maximum Performance  Envelope 

The maximum test  Reynolds number usua l ly   occurs   where   the   n i t rogen  conden- 
s a t i o n  boundary i n t e r s e c t s   t h e - s h e l l   p r e s s u r e  l i m i t .  The maximum Reynolds num- 
be r  is p l o t t e d  as a func t ion   of  Mach number i n   f i g u r e   1 5 .   T h i s   o v e r a l l  maximum 
tunnel  Reynolds number c a p a b i l i t y  is bounded  by t h e   s h e l l   o p e r a t i n g   p r e s s u r e  
limit f o r  Mach numbers  up t o   1 . 0 .  Between M=1.0 and  1.2,   the  performance is 
l i m i t e d  by the  maximum horsepower  available.  Above  M=1.2 t h e   f a n  maximum  com- 
p r e s s i o n   r a t i o  limits the  performance.  Note  that   the  goal of a Reynolds number 
of 1 2 0 ~ 1 0 ~   f o r  M = l . O  i s  achieved. A t  the   bo t tom  of   f igure  15 is a n   o v e r a l l  en- 
velope of the  Reynolds number c a p a b i l i t y  of wind t u n n e l s   i n   t h e   U n i t e d  States. 
The NTF w i l l  be   capable  of increasing  grcund-test   Reynolds number  by about  one 
o r d e r   o f   m a g n i t u d e   o v e r   c u r r e n t l y   e x i s t i n g   f a c i l i t i e s .  

Model  Loads 

A c r i t i ca l  design  problem  of NTF is as soc ia t ed   w i th   t he   l a rge  model loads  
e n c o u n t e r e d   i n   t h e   o p e r a t i o n   o f   t h e   f a c i l i t y  a t  maximum performance  conditions.  
The model stress is related t o   t h e  level of test dynamic p res su re  (1/2pV2) , 
which i s  a func t ion  of s t a g n a t i o n   p r e s s u r e  and. Mach number but  independent  of 
tempera ture .   In   f igure  15, l i n e s   o f   c o n s t a n t  dynamic p res su re  are superimposed 
on   the   overa l l   per formance  map of   the  tunnel .  Most c u r r e n t   l a r g e   t r a n s o n i c  
wind tunne l s   ope ra t e  a t  dynamic p res su re  levels up to   about   0 .5   bar   (approx.  
1000  psf) .   There are a few  tunnels  which  have  dynamic  pressure  capabili ty up 
t o   a b o u t  1 bar   (approx.  2000 p s f ) .  The NTF w i l l  have a maximum dynamic  pres- 
s u r e   c a p a b i l i t y   o f  3 .3  bar  (approx. 7000 psf) .   Al though  the N T F ,  by v i r t u e   o f  
employing  the  cryogenic  approach, w i l l  have a much l o w e r   r a t i o   o f  dynamic 
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pressure  to   Reynolds  number as compared t o   t h e   o t h e r   a p p r o a c h e s   t o   h i g h  
Reynolds number t e s t i n g ,  i t  can still pr.oduce  model l o a d s  up t o   t h r e e  times 
those   exper ienced- in   ex is t ing   wind   tunnels .   Technology  appears   to   be   in   hand  
t o  accommodate these   loads .  However, force   measur ing   ba lances ,   s t ing   def lec-  
t i o n s ,  and  model deformation w i l l  t e n d   t o   t a k e  on  more importance as t h e  NTF is  
u t i l i z e d   t o  i ts maximum Reynolds number c a p a b i l i t y .  

P r o d u c t i v i t y  

The NTF is b e i n g   d e s i g n e d   t o   s a t i s f y  a na t iona l   need   for   h igh   Reynolds  
number test  c a p a b i l i t y  a t  t ransonic   speeds.   Moreover ,  as a n a t i o n a l   f a c i l i t y  
i t  must  accommodate the   p ro jec ted   workload   of  NASA, t h e  DOD, t h e   a e r o   i n d u s t r y  
a n d   t h e   s c i e n t i f i c  community. A s  a consequence  of  this,  as w e l l  as  t h e   n e e d   t o  
conserve  energy,   the  NTF is be ing   des igned   to   p roduce   da ta  a t  a r e l a t i v e l y   h i g h  
rate. T y p i c a l   e x i s t i n g  wind tunnels   p roduce   da ta  a t  about   26,000  specif ic  sets 
of test c o n d i t i o n s   i n  a year,   where a set of test cond i t ions  is def ined  by a 
combination of Mach number,  Reynolds  number, a n g l e   o f   a t t a c k ,   a n g l e  of yaw, and 
so  f o r t h .  The NTF is targeted  to  produce  measurements a t  t h e  rate of  104,000 
sets of test  c o n d i t i o n s   p e r   y e a r ,   o r   f o u r  times the   convent iona l  rate. To 
ach ieve   t h i s   goa l ,   t he   t unne l   con t ro l   and   da t a   acqu i s i t i on   sys t em is h igh ly  
automated.  Computer  control is used   ex tens ive ly   t o   i n su re  optimum procedures 
and s a f e t y   i n   t h e   t u n n e l   o p e r a t i o n .  A modern da ta   acqu i s i t i on   sys t em w i l l  be 
p rov ided   w i th   "qu ick   l ook"   da t a   capab i l i t y   t o   min imize   r e t e s t ing   due   t o  im- 
proper  measurements. 

Fu l l - sca l e   F l igh t   S imula t ion  

The test  Reynolds  number c a p a b i l i t y   o f  NTF i n  meet ing  projected  require-  
ments  of  advanced a i r c r a f t  i s  summarized i n   f i g u r e   1 6   f o r  c i v i l  a i r c r a f t .  It 
w i l l  be   no ted   t ha t   fo r   l a rge   subson ic   t r anspor t s   o f   t he  B-747 ca tegory ,   the  
NTF w i l l  a t t a i n   f u l l - s c a l e  test  c o n d i t i o n s   f o r   t h e   c r u i s e   p o i n t   ( s o l i d   c i r c l e )  
as w e l l  as for  the  high-speed,  %ax. q" load   condi t ion .  The high  Reynolds num- 
ber  peak a t  M=0.5 cannot  be met by the   des ign  NTF performance  envelope.  This 
i s  not   cons idered  a s i g n i f i c a n t   d e f i c i e n c y ,  however, f o r   t h e   R e y n o l d s  number 
e f f e c t s   f o r   f u l l y   s u b s o n i c   f l o w s  a t  low  angles   o f   a t tack  are usua l ly  small and 
p r e d i c t a b l e  a t  high  Reynolds number levels. For  the  advanced  "span  loader" 
t r a n s p o r t  @=16.8m; 55 f t . )   i n   t h e  one  mil l ion  kg (2 .2  mi l l i on   l b s . )   ca t egory ,  
t he 'NTF  can   a t t a in   fu l l - s ca l e  test c o n d i t i o n s   f o r   t h e   c r u i s e   p o i n t .  The high- 
speed %ax. q" load   cond i t ion ,  however,  can  only  be m e t  by use  of a s ide-wal l  
mounted,  semispan  model.  This i s  an   accepted  test procedure   for   h igh   aspec t -  
r a t i o   c o n f i g u r a t i o n s .  

For   the   l a rge   supersonic   t ranspor t   (341 ,000   kg ;   750 ,000   lbs . ) ,   fu l l - sca le  
test  condi t ions   can   be   a t ta ined   for   the   subsonic   c ru ise   po in t  (M=0.95) and f o r  
the  major   port ion  of   the  t ransonic   c l imb  and  le t -down  corr idor .  The h igh  
Reynolds number peaks i n   t h e  M=0.5 range   can   la rge ly   be  m e t  i n  NTF by the   u se  
of la rger -s ize   models   permi t ted   for   pure ly   subsonic   t es t ing .   For   the   space  
s h u t t l e   t y p e   c o n f i g u r a t i o n s ,   t h e  NTF w i l l  a t t a i n   f u l l - s c a l e  test c o n d i t i o n s   f o r  
a l l  subson ic / t r anson ic   f l i gh t   cond i t ions .  
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NTF  OPERATING  PLAN AND SCHEDULE 

Although  the NTF is being  designed  and  constructed by NASA and is en- 
v is ioned   to   be   opera ted  by NASA, i t  is ,  i n   f a c t ,  a n a t i o n a l   a e r o n a u t i c a l  re- 
source.  As such,  i t  w i l l  be  managed i n  a manner  which w i l l  e f f e c t i v e l y  serve 
the   aeronaut ica l   research   and   a i rc raf t   deve lopment   needs  of t h e  government, 
i ndus t ry ,  and s c i e n t i f i c   o r g a n i z a t i o n s .  The f a c i l i t y  w i l l  b e   s t a f f e d   t o   t h e  
level r equ i r ed   t o   suppor t   t he   needs   o f   t he   va r i ed   u se r s .   Cur ren t   o rgan iza t ion -  
a l  p l ans   p rov ide   fo r  NTF o v e r s i g h t   r e s p o n s i b i l i t y   t o   b e   a s s i g n e d   t o   t h e  NASA- 
'DOD Aeronautics  and  Astronautics  Coordinating  Board (AACB). 

The f i na l  des ign   of   the  NTF is underway.  Funding is  programmed f o r  
i n i t i a l   a p p r o p r i a t i o n   i n   t h e  FY 1977  budget.  Construction i s  schedu led   t o  
begin  in   October   1976  and  to   be  complete  a t  t h e  end  of  1980.  Checkout  and 
c a l i b r a t i o n  i s  to   be   comple ted   in   Ju ly   1981,  a t  w h i c h   p o i n t   t h e   f a c i l i t y   s h o u l d  
be   r eady   fo r   u se  as a r e sea rch  and  development  tool. The t o t a l   p r o j e c t   b u d g e t  
is 65 mi l l i on   do l l a r s   i nc lud ing   con t ingency   and   e sca l a t ion .  

CONCLUDING REMARKS 

Plans  are underway t o   p r o v i d e   t h i s   n a t i o n   w i t h  a new high  Reynolds number 
t r anson ic   w ind   t unne l   des igna ted   t he   Na t iona l   T ranson ic   Fac i l i t y .   Th i s   f ac i l i -  
t y  is d e s i g n e d   t o   s a t i s f y   t h e  combined t e s t ing   r equ i r emen t s   o f  NASA, DOD, t h e  
a e r o n a u t i c a l   i n d u s t r y ,  and t h e   s c i e n t i f i c  community.  Gaseous n i t r o g e n  a t  cryo- 
genic   temperatures  w i l l  be  used as t h e  test medium to  provide  high  Reynolds  
numbers a t  t ransonic   speeds .  The NTF w i l l  provide a t e n - f o l d   i n c r e a s e   i n  
transonic  Reynolds number test  c a p a b i l i t y  as compared t o   e x i s t i n g  U. S. f a c i l i -  
t ies and w i l l  p e r m i t   t e s t i n g   c u r r e n t  and p ro jec t ed  a i rcraf t  a t  o r   ve ry   nea r  
f u l l - s c a l e   f l i g h t   c o n d i t i o n s .  A u n i q u e   r e s e a r c h   c a p a b i l i t y   i n h e r e n t   i n   t h e  
c ryogen ic   app roach   p rov ides   fo r   va l id   s epa ra t ion   o f   t he   e f f ec t s   o f  model  aero- 
e l a s t i c i ty ,   Reyno lds  number,  and Mach number  on a i r c r a f t   c o n f i g u r a t i o n   p e r f o r -  
mance.  The NTF w i l l  be   l oca t ed  a t  t h e  NASA Langley  Research  Center  and i s  pro- 
j e c t e d  t o  be   opera t iona l   in   1981.  
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Figure 1.- Transonic  f lows  affect  a l l  a i r c r a f t .  
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Figure 3.-  Effects of shock induced flow  separation  over wing of 
transport  aircraft. M = 0.85 .  
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Figure 4.- Illustration of the growing f a c i l i t y  gap i n   t e s t  
Reynolds number capability. 

1596 



DATE 

1967 

1969 
1969 

1970 
1971 
1972 

1972173 

I974 
1974 

FAClL ITY 

8 X IO FT. LUDWIEG TU6E(HIRT) 
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HYDRAULIC  DRIVE  TUNNEL 

BLOWDOWN TUNNEL 

INJECTOR  TUNNEL 

CRYOGENIC  TUNNEL 
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PILOT TRANSONIC  MODEL 

PRELIMINARY  ENGINEERING  REPORT 

PRELIMINARY  ENGINEERING  REPORT 

Figure 5.- Chronology of high Reynolds number f a c i l i t y  concepts and pi lot  
tunnel development within  the United States. 
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Figure 6.-  Effect  of temperature reduction on test conditions and drive power. 
M, = 1; constant  stagnation  pressure. 
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0 A SINGLE TRANSONIC TEST FACILITY  IDENTIFIED AS 
THE NATIONAL TRANSONIC FACILITY (NTF) 

0 CRYOGENIC  CONCEPT 

0 NTF HAVE THE FOLLOWING LEADING  CHARACTERISTICS: 

TEST SECTION SIZE 2,5 METERS  SQUARE 
DESIGN PRESSURE 130 PSIA  OR z 9 BAR 
DESIGN MACH  NUMBER  RANGE 0 - 2  - 1 , 2  
STREAM FLUID NITROGEN 
PRODUCTIVITY/EFFICIENCY 8,000 POLP.RS/YR 
REYNOLDS  NUMBER(^) 12OX1O6 (M = 1) 

0 NTF BE LOCATED  AT  LANGLEY  RESEARCH  CENTER 

(IIBASED ON = 0,25 METER (0.82 FEET) 

Figure 7 . -  Summary of AACB Subpanel  recommendations relative  to NTF. 

TEST SECTION 2.5 x 2.5 meter 
RUN  DURATION CONTINUOUS 
COST 865 Mil 

Figure 8.-  The planned National Transonic Facility.  

1598 



TEST SECTION  PLENUM 
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Figure 9. - Plan  view o f  
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t h e   f a c i l i t y .  
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8.23 m (dial 

Figure 10.- Baseline s l o t t e d  w a l l  and model support system. 
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RETRACTED H I G H  SPEED \ 

D  IFFUSER 

Figure 11.- Test section  isolation system. 

140 

120 

100 

80 
FAN  SHAFT 

HORSEPOWER 
60 

40 

20 

. x 10 3 

E X I S T I N G  ADJUSTABLE , 
. SPEED  MOTORS 

I 

GEAR RATIO I 

T 
SYNCHRONOUS MOTOR 

60000 hp 

0 200 400 
FAN rpm 

Figure 12.-  Available  fan  drive power (10-minute rating). 
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CORRUGATED ALUMINUM LINER 7 
\ 

r T H E R M A L  I SOLATOR 

(END VIEW) 97oNICKEL STEEL SHELL 

Figure  13.-  Internal  insulation and liner  concept. 

9 

8 

7 

6 

STAGNATION 5 

bars 4 

3 

2 

1 

PRESSURE, 

0 

i0RSEPOWER 

I I I I I I 1 

20 40 60 80 100 120 140. x 10 6 
REYNOLDS NUMBER, R,- 

Figure 14.- NTF operating envelope at M, = 1. ( E  = 0.25 m). 
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Figure 15.-  Maximum Reynolds number operating  envelope. 
(-d = 0.25 m). 
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Figure 16.-  Comparison of typical  f l ight Reynolds number requirements 
with NTF capability  for  various  civil  aircraft. 
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